Seventeen multiple-antibiotic-resistant nonpathogenic Escherichia coli strains of human, animal, and food origins showed a wide variety of antibiotic resistance genes, many of them carried by class 1 and class 2 integrons. Amino acid changes in MarR and mutations in marO were identified for 15 and 14 E. coli strains, respectively.
Seventeen multiple-antibiotic-resistant nonpathogenic Escherichia coli strains of human, animal, and food origins showed a wide variety of antibiotic resistance genes, many of them carried by class 1 and class 2 integrons. Amino acid changes in MarR and mutations in marO were identified for 15 and 14 E. coli strains, respectively.
The emergence of Escherichia coli isolates with multipleantibiotic-resistant phenotypes, involving coresistance to four or more unrelated families of antibiotics, has been previously reported and is considered a serious health concern (2, 5, 22). Transference of resistance determinants by mobile genetic elements including plasmids, transposons, and gene cassettes in integrons (4, 13) and the alteration in mar locus regulation (1, 2, 27) are important factors that can contribute to the increase in multiresistant bacteria.
In previous studies (7, 34), the antibiotic resistance profiles of 515 nonpathogenic E. coli isolates obtained from food products of animal origin (n ϭ 47) and from fecal samples of healthy animals (n ϭ 177) and humans (n ϭ 291) were studied. Seventeen E. coli isolates from those groups (four from food, eight from animals, and five from humans) showed a multipleantibiotic-resistant phenotype (resistance to nalidixic acid, ampicillin, rifampin, chloramphenicol, sulfamethoxazole, streptomycin [STR] and tetracycline). All 17 of these isolates were used in the present work to detect different mechanisms of antibiotic resistance and to study the antibiotic resistance genes inside integrons and the relevance of the mar locus in the multiple-antibiotic-resistant phenotype.
Additional susceptibilities to ciprofloxacin, amoxicillin-clavulanic acid, cefazolin, cefoxitin, ceftazidime, cefotaxime, ceftriaxone, imipenem, aztreonam, gentamicin (GEN), apramycin, tobramycin, kanamycin, and trimethoprim were determined by an agar dilution method (24) .
The 17 E. coli isolates showed 16 unrelated pulsed-field gel electrophoresis (PFGE) patterns with the XbaI enzyme in experiments following the method of Gautom (9) (Fig. 1) . Only strains Co71 and Co82 showed closely related patterns.
Analysis of antibiotic resistance mechanisms. The presence of antibiotic resistance genes in the 17 E. coli strains was analyzed by PCR, PCR-restriction fragment length polymorphism analysis, and sequencing (Table 1) . Table 2 shows the resistance phenotypes and genes identified.
All strains were ampicillin resistant, and for eight of them, the minimal inhibitory concentration (MIC) of amoxicillinclavulanic acid indicated intermediate resistance; no strain was resistant to the remaining ␤-lactams studied. The bla TEM-1a and bla TEM-1b genes were identified in 2 and 15 strains, respectively, whereas none of the bla SHV and bla OXA genes were found.
Four strains in which the aac3-II (found in one strain from a broiler) or aac3-IV gene (found in three strains from humans) was found were GEN resistant. The AAC(3)-IV enzyme modifies apramycin in addition to GEN. Apramycin is used exclusively in veterinary medicine, but the GEN-related chemical structure and the mobility of the aac3-IV gene inside plasmids may have contributed to the selection and dissemination of these strains in a human environment (17) .
Eight of the seventeen E. coli strains were kanamycin resistant, and the aphA1 and aphA2 genes were detected in three and six strains, respectively. Both genes were found in one strain of food origin.
The following aadA genes were detected in 16 of the 17 STR-resistant strains: aadA1 was found in 12 strains, aadA2 was found in 5, and aadA5 was found in 3 strains. The aadA1 and aadA2 genes were found together in four strains (two from pigs and two from humans). No STR resistance mechanism was detected in the Co53 strain, in which case other mechanisms of STR resistance, such as the production of APH(3ЈЈ)-I or APH(6)-I phosphoryltransferases (15, 35) , cannot be excluded.
The tetA or tetB gene was found in all the strains (tetA was found in nine, and tetB was found in eight strains). No tetC, tetD, or tetE genes were detected. Chloramphenicol-acetyltransferase activity was demonstrated as previously described (8) in the seven strains for which the MICs of chloramphenicol were highest (Ն128 g/ml) ( Table 2 ). The cmlA gene was detected in five additional strains (MICs of chloramphenicol, 32 to 64 g/ml), while the floR gene was not found.
Fifteen E. coli strains were trimethoprim resistant, and the following dfr genes were identified by PCR-restriction fragment length polymorphism analysis (25) : dfrA1 was found in seven strains, dfrA1 plus dfrA12 was found in two, dfrA1-like plus dfrA12 was found in one strain, dfrA17 was found in three, and dfrA12 was found in two strains. A new type of dfrA gene, called dfrA1-like, was found in the Co125 strain. Sequencing of the Co125 amplicon indicated a deduced amino acid substitution, Asn134Asp, in contrast to DHFRIa (Swiss-Prot accession number P00382).
The sul1 and sul2 genes were detected in 11 and 12 strains, respectively, and 8 of those strains showed both genes. These findings are in agreement with the high prevalence of these genes found in Enterobacteriaceae (18, 22) . The sul3 gene has recently been found in pathogenic E. coli isolates (10, 12, 29), being detected in six of our strains (one from a broiler, two from pigs, and three from humans). The mechanisms of quinolone resistance had been previously analyzed in these 17 strains (7, 33).
Integron analysis. Class 1 and class 2 integrons, the most frequently found in resistant bacteria (14, 23, 31, 32) , were analyzed in all our strains. PCR amplification was used to detect class 1 and class 2 integrase genes, intI1 and intI2, respectively, and the qacE⌬1 gene. The variable regions (VR) of these integrons were studied by PCR and sequencing (Table  1) . Twelve strains presented the intI1 gene and four presented the intI2 gene; one of these was E. coli Co125, which was positive for both genes.
The VR of the class 1 integron was analyzed in the 12 intI1-positive strains, and the following gene cassette arrangements were detected (Table 3) : aadA1 (one strain), dfrA1 plus aadA1 (four strains), dfrA1 plus aadA1 and dfrA12 plus orfF plus aadA2 (two strains), dfrA12 plus orfF plus aadA2 (two strains), and dfrA17 plus aadA5 (three strains). Our E. coli strain Co125 gave unexpected results: the intI1 PCR was positive, whereas no qacE⌬1 or sul1 genes and no PCR amplicon of the class 1 integron VR were detected. Thus, Co125 was studied in detail by PCR mapping. A 1,650-bp amplicon was obtained using the primers Int-F and AadA-R. Sequencing revealed the presence of the dfrA12 plus orfF plus aadA2 gene cassettes (Table 3) . As in the case of our results, most class 1 integrons published are composed of two or more gene cassettes (12, 22, 40, 41) .
A class 2 integron carrying the dfrA1 plus sat plus aadA1 gene cassettes was detected in four strains (three from foods and one from a pig). The dfrA1 gene cassette detected in Co125 presented the Asn134Asp amino acid change, corresponding to the sequence of the dfrA1-like gene found in this strain (Table 3) Analysis of the mar locus. Another mechanism contributing to a multiple-antibiotic-resistant phenotype is associated with mar locus regulation (1, 2, 5). Amino acid changes in MarR and the nucleotide mutations in the operator-promoter region marO were studied for all strains by PCR, sequencing, and comparison with the GenBank sequence found under accession number M96235 and corresponding to the mar regulon (Table 4) . Fifteen strains showed Gly103Ser and Tyr137His substitutions in MarR, which had been found also in resistant clinical strains (27) . Note that position 103 is inside the conserved region (between amino acids 92 and 104 in MarR) and may be important for binding with the region corresponding to marO (1). However, other authors have considered that these substitutions could correspond to genotypic variations in marR without loss of repressor activity (27) . Another amino acid change in MarR, Leu36Gln, was found in only one strain in our study; this is the first time that this substitution has been reported. Further studies are necessary to relate this substitution to antibiotic resistance.
Regarding nucleotide mutations in marO, 14 strains showed the previously reported A1332C transversion (27) together with amino acid substitutions in MarR at positions 103 and 137. We identified other nucleotide mutations (at positions 1331, 1370, 1375, 1379, and 1414) not previously found in the literature. MarA is known to activate the marRAB operon binding the "marbox" region in marO, but the adjacent region (nucleotides 1329 to 1346) also plays a role in binding and increases this transcriptional activation (21) . Indeed, the mutations found at positions 1331 and 1332 are located inside this adjacent region, but additional studies should determine their effect on MarA activity. We found no differences in resistance phenotype between the strains with and without these mutations.
Our results show a wide variety of resistance genes in multiresistant nonpathogenic E. coli strains from humans, animals, and food products. Therefore, this normal flora may play a key role as an acceptor and donor of transmissible antimicrobial resistance mechanisms. The inclusion of some resistance genes inside integrons constitutes an effective means to spread antibiotic resistance among bacteria from different ecosystems. Moreover, different amino acid changes in MarR and mutations in marO were found, possibly contributing to the multiple antibiotic resistance phenotype.
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